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a  b  s  t  r  a  c  t
The houseﬂy Musca domestica is a worldwide insect pest that acts as a vector for many
pathogenic diseases in both people and animals. The present study was conducted to eval-
uate  the virulence of different local isolates of Beauveria bassiana, Metarhizium anisopliae and
Isaria  fumosorosea on M. domestica using two bioassay techniques: (1) adult immersion and
(2)  a bait method applied to both larvae and adults. The results showed evidence of a broad
range  of responses by both stages (larvae and adults) to the tested isolates of B. bassiana,
M.  anisopliae and I. fumosorosea. These responses were concentration-dependent, with mor-
tality  percentages ranging from 53.00% to 96.00%. Because it resulted in lower LC50 values
and  a shorter lethal time, B. bassiana (Bb-01) proved to be the most virulent isolate against
both  houseﬂy larvae and adults. Sublethal doses of the tested isolates were also assessed to
evaluate their effect on M. domestica fecundity and longevity. The fungal infections reduced
houseﬂy survival regardless of their sex and also decreased egg production in females.athogen
ector
©  2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an  open access article under the CC BY-NC-ND license (http://creativecommons.org/
groups of conventional insecticides including organophos-ntroduction
he houseﬂy Musca domestica L. (Diptera: Muscidae) is a
osmopolitan insect responsible for causing annoyance,
rritation, and food spoilage and is also an important
athogenic disease vector in both people and animals.
ssociations between houseﬂies and pathogens can result
n disease outbreaks such as typhoid, cholera, tuberculo-
is, bacillary dysentery, infantile diarrhoea and anthrax.1,2ouseﬂy habits—such as walking and feeding on trash
nd excrement—make them superlative agents for trans-
erring disease-causing pathogens to human and animal
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populations.3 Therefore, it is crucial to control M. domestica
to improve the health of people, livestock and poultry.
Conventional insecticides are primarily used for control
of M.  domestica over the short term5,6 but the haphazard
use of insecticides has given rise to serious problems that
include both insecticide resistance and the residual effects
of the chemicals used in insecticides.7 Insecticide resistance
in houseﬂies has now become a global problem—and is
increasing.8 Currently, houseﬂies are resistant to almost allphates, organochlorines, carbamates and pyrethroids.4,9–14
The problems regarding resistance, residual effects and high
chemical costs have opened the door to other alternatives
lsevier Editora Ltda. This is an open access article under the CC
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such as entomopathogenic fungi, which have the potential to
control this insect pest.15
In comparison to synthetic insecticides, ento-
mopathogenic fungi have low mammalian toxicity. In
addition, their natural prevalence in houseﬂy populations pro-
vides great potential for managing houseﬂy populations.16,17
A large number of cases have been reported to control
houseﬂies, through rapid killing and high infection rates from
fungi that include Beauveria bassiana (Bals.) Vuill., Metarhizium
anisopliae (Metsch.) Sorok.1,18–23 These studies have shown
high mortality among houseﬂy populations within 5–15 days;
however, research efforts are still needed to explore which
local isolates of the insect pathogenic fungi work effectively
in which local environments and can thus compete with
conventional insecticides. In accordance with the importance
of houseﬂy as a medical and veterinary pest, the current study
was designed to investigate the effectiveness of local isolates
of B. bassiana, M. anisopliae and Isaria fumosorosea (Wize) from
Pakistan on houseﬂy populations consisting of both larvae
and adults and, additionally, to evaluate the effect of sublethal
doses of fungi on the houseﬂy fecundity and longevity.
Materials  and  methods
Insects
Adult M.  domestica were collected from poultry farms in
Multan, Punjab, Pakistan and reared in transparent cages
(30 cm × 30 cm × 30 cm)  with mesh screens on opposite sides
and a cloth sleeve opening at the front. The adult ﬂies were
provided with sugar and powdered milk (3:1) in Petri dishes
as diet and allowed water ad libitum.  After 2–3 days of feeding,
plastic cups containing larval diet (water based paste of wheat
bran, rice meal, yeast, sugar and dry milk powder (40:10:3:3:1))
were placed in the cages as an egg laying substrate following
the methods reported by Bell et al.24 with slight modiﬁcations.
When eggs became visible on the sides of cups or attached to
the food, the cups were removed and kept separated for lar-
val development. The larval food was changed every 2–4 days
depending on the number of larvae per cup.
Entomopathogenic  fungiFungal  isolates
Nine different isolates of B. bassiana, M. anisopliae and I.
fumosorosea were used for the experiments (Table 1). This study
Table 1 – Isolates of entomopathogenic fungi from Pakistan and
Musca domestica in laboratory conditions.
S. No. Fungal Species 
1. B. bassiana (Bb-01) 
2. B. bassiana (Bb-08) 
3. B. bassiana (Bb-10) 
4. M. anisopliae (Ma-2.3) 
5. M. anisopliae (Ma-4.1) 
6. M. anisopliae (Ma-11.1) 
7. I. fumosorosea (If-02) 
8. I. fumosorosea (If-2.3) 
9. I. fumosorosea (If-03)  b i o l o g y 4 7 (2 0 1 6) 807–816
used slants of monoconidial cultures grown on potato dex-
trose agar (PDA) at 25 ◦C in darkness and then stored at 4 ◦C. For
further propagation the spores from these slants were spread
onto PDA plates (9 cm diameter) and kept at 25 ◦C in darkness
at 70–75% RH (relative humidity) for 14 days.25,26 After 14 days
of growth the spores were used to treat the insects or stored
at 4 ◦C until used for insect bioassays.
Conidial  viability
For each isolate, conidia viability was determined by enu-
merating the percentage of germinated conidia 24 h after
spreading on fresh PDA medium. A conidial suspension of
1 × 107 (0.01 mL)  was spread on 9 cm petri plates containing
15 mL of PDA medium, incubated at 27 ◦C for 24 h for germi-
nation. Three 15 mm square cover slips were placed on the
surface of medium. The germination percentage was deter-
mined by counting the number of germinated conidia and the
total number of conidia per ﬁeld of view under a microscope
at 250× magniﬁcation.27
Fungal  infections
The fungal spores were scraped from the PDA plates and
mixed with sterile Tween80 (0.05%) solution. The resulting
conidial concentration was determined using a haemocy-
tometer. Insects were infected by a brief immersion in the
conidial suspension of all fungal isolates. For mycosis devel-
opment, the insects were maintained at high humidity (>75%)
produced by artiﬁcial humidiﬁcation. Insect mortality was
recorded daily for seven consecutive days.
Method  of  infection  of  adult  M.  domestica
To assess the potential efﬁcacy of entomopathogenic fungi
against adults of M. domestica,  the two following methods were
employed as explained by Shariﬁfard et al.23 with slight mod-
iﬁcations.
Immersion  method
To check the infectivity of fungal isolates on 3–4-day-old M.
domestica adults (male to female ratio 50:50), the insects were
ﬁrst anesthetised with CO2. Then, batches of 28 individuals
each were immersed for few seconds into each fungal sus-
pension containing spores at different concentrations (1 × 106,
1 × 107, 1 × 108, 2 × 108, 3 × 108 spores/mL). After immersion,
each batch of insects was placed on ﬁlter paper to remove
excess moisture and then placed in small plastic containers
 their origins/host tested for efﬁcacy on the houseﬂy
Source (Habitat) Location (Pakistan)
Cotton ﬁeld Makhdoom Rasheed, Multan
Pine forest soil Naran, Mansehra
River side soil Naran, Mansehra
Cotton ﬁeld Makhdoom Rasheed, Multan
Maize ﬁeld Balakot, Mansehra
Canal side soil Band Bosan, Multan
Rove beetle Multan
Vegetable ﬁeld Makhdoom Rasheed, Multan
Cotton ﬁeld Aadhi Bagh, Multan
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10 cm × 10 cm × 10 cm)  at 27 ± 1 ◦C. Sugar, dry powdered milk
nd water were provided as a food source. Control ﬂies were
reated with 0.05% Tween80 solution only. All treatments were
eplicated four times. Mortality was recorded for 7 consecutive
ays at 24 h intervals. Insect cadavers were collected on a daily
asis and placed in sterile petri dishes containing damp ﬁlter
aper for sporulation.
ait  method
ive different doses of fungal isolates were tested on cohorts
f 3–4-day-old ﬂies (male to female ratio 50:50) in small plas-
ic containers (10 cm × 10 cm × 10 cm). Each container held a
etri dish lined with bait (powdered milk, sugar and distilled
ater (1:3:1)). For better fungal dispersion, 1 mL  suspensions
f the fungal strains at the test concentrations explained ear-
ier were dispersed on the bait surfaces. The baits treated with
ifferent fungal concentrations were placed in the plastic con-
ainers for 48 h before being removed and replaced with dry
ait (sugar + powdered milk (3:1)). Water was provided ad libi-
um. All treatments were replicated four times. Mortality data
nd all other procedures were performed as described earlier.
ethod  of  infection  of  larvae  of  M.  domestica
mmersion  method
he virulence of different entomopathogenic fungal isolates
as evaluated by directly dipping groups of 25 third instar
arvae for 10 s into the conidial suspensions at different con-
entrations as explained earlier, while the control group was
ipped into a 0.05% Tween80 solution only. Excess moisture
as removed with aid of ﬁlter paper. Later, the larvae were
ransferred to a larval medium. There were four replications
er treatment. Mortality data were recorded until pupation.
ll other procedures were performed as explained above.
ait  method
ifferent concentrations of each isolate of entomopathogenic
ungi were prepared to determine the effectiveness of fungal
solates in larval medium as bait against houseﬂy larvae. Plas-
ic cups (5 cm × 5 cm × 5 cm)  containing 10 g larval medium
ere treated with 1 mL  of each concentration and replicated
our times. Each cup was inoculated with 25 third instar larvae
nd maintained under conditions similar to those described
arlier. Dead larvae and pupae were kept to monitor fungal
porulation.
ffect  of  entomopathogenic  fungi  on  longevity  and  fecundity
f M.  domestica
ewly  emerged adults over a 24 h period were taken from
he already established laboratory population to assess the
ffect of sublethal dose of different entomopathogenic fungi
n the fecundity and longevity of houseﬂies. A total of 40
ies with a sex ratio of 1:1 were used for each treatment
ith four replications. All the ﬂies were treated by the immer-
ion method with a sublethal dose (1 × 106 spores/mL) while
ontrol adults were dipped in Tween80, 0.05% solution. The
reated and control groups were kept in small plastic con-
ainers (10 cm × 10 cm × 10 cm)  and maintained at 27 ± 1 ◦C.
ll ﬂies were provided with sugar as an adult diet and larval
edium for egg laying.o l o g y 4 7 (2 0 1 6) 807–816 809
Mortality and fecundity data were recorded every 24 h
interval until all ﬂies in each container were dead. Mortal-
ity was monitored by removing the dead ﬂies, counting dead
males and females separately, while fecundity data were col-
lected by removing the larval media and counting the eggs
under a dissecting microscope. The mean longevity for males
and females was calculated by multiplying the number of ﬂies
that died each day by number of days that they survived, sum-
ming these values and then dividing by the initial number of
ﬂies. The mean numbers of eggs laid per female were calcu-
lated by dividing the total number of eggs laid over the entire
experiment time by the initial number of ﬂies.28
Data  analysis
Mortality data were corrected using Abbott’s formula.29 The
LC50 and LT50 values were calculated using probit analysis.
The means for percent mortality, longevity and fecundity were
analysed using analysis of variance (ANOVA) and means were
separated by LSD at signiﬁcance level of 5% using Statistix 8.1
software.
Results
Adult  bioassays
Immersion  test  for  adults
B. bassiana (Bb-01) caused maximum mortality (96.43 ± 3.57)
of M. domestica adults with LC50 of 3.79 × 106 spores/mL within
4.20 days, while I. fumosorosea (If-02) showed the lowest LC50
value at 1.57 × 108 spores/mL. The results suggest that fungal
isolates Bb-01, Bb-08, Bb-10, Ma-2.3, Ma-4.1 and If-2.3 caused
75.00–96.00% mortality in 4–6 days (Table 3). The data showed
the least signiﬁcant differences among the LC50 values of M.
anisopliae (Ma-2.3, Ma-11.1) and I. fumosorosea (If-03, If-2.3). The
mean percent mortality of houseﬂy adults treated with differ-
ent isolates B. bassiana, M.  anisopliae and I. fumosorosea was
dose dependent and increased with the increase in conidial
concentration (Table 3).
Bait  test  for  adults
Conidia of different isolates of B. bassiana, M.  anisopliae and
I. fumosorosea were dispersed on bait surfaces. The results
shown in Table 2 reveal the effects of different isolates of
entomopathogenic fungi on M.  domestica. B. bassiana (Bb-01)
caused the maximum mortality (89.29 ± 3.57%) of M.  domes-
tica adults with an LC50 of 6.58 × 106 spores/mL within 4.10
days (Table 3). Overall the fungal isolates (Bb-01, Bb-08, Bb-
10, Ma-2.3, Ma-4.1 and If-2.3) caused 67.00–89.00% mortality
within 4–6 days, while the results showed the least signiﬁcant
difference among the LC50 values of Bb-08 and Ma-2.3.
Immersion  method  for  larvae
The data showed the mortality of houseﬂy larvae to be
concentration-dependent for all isolates. The mortality var-
ied between 18.00% and 86.00% with LT50 values ranging from
5.24 (4.63–5.58) to 7.05 (6.42–7.75) (Table 5). The results of pro-
bit analysis designated (Bb-01) as the most virulent isolate
with an LC50 = 7.42 × 106 spores/mL and LT50 values of 5.21,
5.61 and 5.91 days at 3 × 108, 2 × 108, and 1 × 108 spores/mL,
810  b r a z i l i a n j o u r n a l o f m i c r o b i o l o g y 4 7 (2 0 1 6) 807–816
Table 2 – LC50 (spores/mL) values of entomopathogenic fungi against adults of M.  domestica by immersion and bait
methods.
Fungi Isolate(s) Immersion method Bait method
LC50 FDa Slope 2 LC50 FDa Slope 2
B. bassiana Bb-01 3.79 × 106 1.27 × 106–1.13 × 107 0.65 ± 0.13 2.31 6.58 × 106 1.70 × 106–2.54 × 107 0.46 ± 0.12 3.05
Bb-08 9.05 × 106 2.20 ×106–3.72 × 107 0.41 ± 0.12 1.55 2.15 × 107 6.29 × 106–7.36 × 107 0.41 ± 0.12 0.57
Bb-10 1.96 × 107 5.11 × 106–7.57 × 107 0.38 ± 0.12 2.11 5.88 × 107 1.507 × 10–2.30 × 108 0.36 ± 0.12 0.39
M. anisopliae Ma-2.3 3.38 × 107 1.06×  107–1.07 × 108 0.46 ± 0.09 1.72 2.41 × 107 5.57 × 106–1.05 × 108 0.34 ± 0.12 1.54
Ma-4.1 1.30 × 107 4.05 ×106–4.16 × 107 0.47 ± 0.12 1.71 1.14 × 107 2.23 × 106–5.88 × 107 0.34 ± 0.12 1.76
Ma-11.1 2.68 × 107 6.78 × 106–1.07 × 108 0.36 ± 0.12 1.08 6.03 × 107 1.23 × 107–2.96 × 108 0.31 ± 0.12 0.47
I. fumosorosea If-02 1.57 × 108 2.61 × 107 –9.45 × 108 0.32 ± 0.12 0.97 1.52 × 108 3.65 × 107–6.36 × 108 0.40 ± 0.12 0.21
If-2.3 2.88 × 107 7.97 × 106 –1.04 × 108 0.38 ± 0.12 1.62 3.46 × 107 8.34 × 106–6.63 × 107 0.38 ± 0.12 2.11
If-03 3.42 × 107 8.45 × 106–1.38 × 108 0.35 ± 0.12 0.70 1.50 × 108 3.17 × 107–7.08 × 108 0.37 ± 0.12 0.60a Fiducial limit.
respectively. The second most virulent isolate was Ma-2.3,
causing 78.00% mortality with LC50 = 2.29 × 107 spores/mL, and
LT50 varied from 5.50, 6.27 and 7.04 days at 3 × 108, 2 × 108, and
1 × 108 spores/mL, respectively.
Bait  method  for  larvae
The results of applying different concentrations of fungal
isolates to houseﬂy larvae by the bait method are listed in
Table 4. The results of probit analysis showed results sim-
ilar to those resulting from the immersion method. In this
method Bb-01 proved to be the most virulent isolate with an
LC50 = 1.70 × 107 spores/mL which caused 79.00%, 65.00% and
57.00% mortality with LT50 values of 5.50, 6.10 and 6.47 days at
3 × 108, 2 × 108, and 1 × 108 spores/mL, respectively (Table 5).
Effect  of  entomopathogenic  fungi  on  the  longevity  and
fecundity  of  M.  domestica
The fungal infections reduced the survival of houseﬂies
regardless of their sex and also tended to decrease egg pro-
duction in females. The mean number of eggs/female after
application of sublethal doses of entomopathogenic fungi
ranged from 120.45 to 212.7 which was far less compared to
the control group (462.68 ± 10.57) (F = 212.0, p = 0.000). In addi-
tion, the mean longevity after application of different isolates
of the entomopathogenic fungi ranged from 8.90 to 16.21 days
for males (F = 93.0, p = 0.000) and from 10.21 to 17.21 days for
females (F = 129.0, p = 0.000), which showed the capability of
sublethal doses of different fungi to considerably reduce the
longevity of both male and female ﬂies (Table 6).
Discussion
Insect entomopathogenic fungi are microbial control agents
that can play an important role in integrated pest manage-
ment. These fungi are used as biological control agents for a
broad range of insects including gregarious pests. The current
study was planned to evaluate the virulence of local isolates
of B. bassiana, M.  anisopliae and I. fumosorosea against larvae
and adults of M.  domestica.  The results showed that ento-
mopathogenic fungi have great potential to control both larvae
and adults of M.  domestica. The results of the current studyare supported by a number of previous trials and numerous
preceding studies.1,19,21–23,30–32 In the current study, the Bb-01
fungal strain resulted in 96.00% mortality, which is close to the
absolute mortality of houseﬂies from entomopathogenic fungi
applied by the immersion method. This result is in agreement
with the ﬁndings of Watson et al.21
The application of entomopathogenic fungi as bait against
the houseﬂy also showed promising results. In the present
study, the maximum mortality (89.29%) was caused by the
fungal strain Bb-01, which conﬁrms the ﬁndings of Shariﬁfard
et al.,23 who evaluated different isolates of B. bassiana and M.
anisopliae against houseﬂies. Baits with doses of 5 × 107 coni-
dia g−1 showed up to 90.00% mortality within 3.5–6.5 days
after exposure. Moreover, the ﬁndings of the current study
regarding the application of entomopathogenic fungi as a bait
against M. domestica is supported by Lecuona et al.1 who  evalu-
ated 19 fungal species and strains at a concentration of 3 × 108
conidia/10 g in sugar bait against houseﬂy adults. The results
showed ﬁve strains caused mortality higher than 85.00%.
Similarly, Geden et al.33 reported two strains of B. bassiana
when applied as bait at concentrations of 108 conidia/100 mg
killed 78.00–88.00% of adult houseﬂies after 5 days and caused
100% mortality after 6 days of bait application. In addition,
87.00–94.00% mortality was observed at low-dose concentra-
tions of 107 conidia/100 mg  six days after exposure.
Even though a 5–6-days interval between treatment and
death is extended when compared with the quick con-
trol achieved by chemicals, this longer period may possibly
be acceptable where houseﬂies have developed resistance
against the chemical insecticides such that the chemicals can
no longer be used to control houseﬂy populations. Employing
entomopathogenic fungi in bait form as inundative releases
against houseﬂy adults may possibly be attractive for many
reasons. First, a large quantity of insecticides is needed to con-
trol adult insects. Second, development of resistance against
chemical insecticides would be avoided. Third, careful tim-
ing and placement of bait can reduce the quantity and cost
of inocula required compared with the quantities required
for broadcast or manure treatments.23 Additionally, infect-
ing insects with entomopathogenic fungi by the immersion
method in the ﬁeld is quite impossible;34 therefore bait meth-
ods are more  interesting in that regard. The present study
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Table 3 – LT50 values (days) of entomopathogenic fungi against adults of M.  domestica by immersion and bait methods.
Fungi Isolate(s) Immersion method Bait method
Concentration %Mortality LT50 FDa Slope 2 %Mortality LT50 FDa Slope 2
B. bassiana Bb-01 3  × 108 96.43 ± 3.57a 4.20 3.84–4.59 5.88 ± 0.79 4.85 89.29 ± 3.57a 4.10 3.63–4.62 3.91 ± 0.56 3.09
2 × 108 85.71 ± 5.83ab 4.65 4.24–5.10 5.50 ± 0.79 0.82 75.00 ± 3.57ab 5.34 4.79–5.96 4.87 ± 0.79 1.11
1 × 108 78.57 ± 7.14b 4.99 4.55–5.48 5.61 ± 0.84 1.09 67.86 ± 6.84b 5.83 4.95–6.87 3.45 ± 0.62 1.23
1 × 107 60.71 ± 6.84c 5.99 5.24–6.83 4.48 ± 0.80 1.27 48.33 ± 1.45c – – – –
1 × 106 42.86 ± 5.83d – – – – 40.43 ± 3.57cd – – – –
Bb-08 3 × 108 82.14 ± 3.57ab 5.05 4.58–5.58 5.27 ± 0.81 1.51 75.00 ± 3.57ab 5.60 5.04–6.22 5.31 ± 0.88 1.29
2 × 108 71.43 ± 5.83b 5.70 5.13–6.33 5.43 ± 0.91 1.55 67.86 ± 6.84b 5.98 5.34–6.69 5.38 ± 0.95 2.29
1 × 108 64.29 ± 9.22bc 6.08 5.33–6.94 4.68 ± 0.85 0.74 64.29 ± 9.22b 6.24 5.50–7.09 5.06 ± 0.94 1.51
1 × 107 46.75 ± 3.54cd – – – – 40.00 ± 2.11cd – – –
1 × 106 38.21 ± 2.11d – – – – 32.14 ± 2.45d – – –
Bb-10 3 × 108 78.57 ± 4.12b 4.90 4.46–5.40 5.35 ± 0.80 1.06 67.86 ± 3.57b 5.96 5.25–6.77 4.69 ± 0.83 1.32
2 × 108 64.29 ± 9.22bc 5.43 4.80–6.15 4.29 ± 0.71 2.02 60.71 ± 3.57bc 6.51 5.66–7.49 4.94 ± 0.95 1.35
1 × 108 57.14 ± 10.10bc 6.16 5.38–7.08 4.42 ± 0.81 1.23 57.14 ± 5.83bc 6.74 5.77–7.87 4.75 ± 0.95 0.89
1 × 107 42.32 ± 2.56d – – – – 36.54 ± 3.11cd – – – –
1 × 106 35.12 ± 4.31de – – – – 28.50 ± 1.34cd – – – –
M. anisopliae Ma-2.3 3  × 108 89.29 ± 6.84a 4.59 4.20–5.01 5.88 ± 0.83 1.54 75.00 ± 6.84ab 5.45 4.89–6.07 5.02 ± 0.82 0.54
2 × 108 75.00 ± 3.57b 5.53 4.99–6.11 5.43 ± 0.89 2.28 60.71 ± 3.57bc 6.35 5.49–734 4.53 ± 0.85 1.12
1 × 108 64.29 ± 4.12bc 6.28 5.54–7.10 5.27 ± 0.98 1.54 57.14 ± 5.83cd 6.70 5.67–7.92 4.25 ± 0.84 1.16
1 × 107 40.56 ± 3.56cd – – – – 42.43 ± 1.67cd – – – –
1 × 106 24.45 ± 1.67e – – – – 35.67 ± 3.78cde – – – –
Ma-4.1 3 × 108 82.14 ± 6.84ab 5.01 4.56–5.51 5.44 ± 0.82 1.39 75.00 ± 3.57ab 5.14 4.57–5.79 4.32 ± 0.69 1.03
2 × 108 71.43 ± 0.00b 5.65 5.03–6.35 4.78 ± 0.81 2.13 67.86 ± 3.57b 5.84 5.12–6.68 4.34 ± 0.76 0.67
1 × 108 60.71 ± 8.99c 6.47 5.53–7.57 4.28 ± 0.82 1.23 53.57 ± 8.99bc 6.99 5.71–8.57 3.65 ± 0.74 0.67
1 × 107 44.65 ± 3.56cd – – – – 46.54 ± 2.67cd – – – –
1 × 106 33.77 ± 1.67d – – – – 39.11 ± 1.89cd – – – –
Ma-11.1 3 × 108 71.43 ± 5.83bc 5.57 4.99–6.22 4.98 ± 0.83 0.96 64.29 ± 4.12b 6.03 5.27–6.89 4.53 ± 0.81 0.84
2 × 108 64.29 ± 4.12bc 6.14 5.37–7.02 4.64 ± 0.85 1.31 57.14 ± 0.00bc 6.58 5.63–7.69 4.44 ± 0.86 0.56
1 × 108 53.57 ± 6.84cd 6.84 5.78–8.10 4.42 ± 0.89 0.59 48.57 ± 3.77bc – – – –
1 × 107 41.45 ± 5.21d – – – – 41.11 ± 4.21bc – – – –
1 × 106 33.56 ± 3.24de – – – – 30.56 ± 2.56d – – – –
I. fumosorosea If-02 3  × 108 60.71 ± 10.71c 6.31 5.39–7.38 4.08 ± 0.77 1.48 57.14 ± 5.83bc 6.50 5.50–7.67 4.01 ± 0.77 0.96
2 × 108 53.57 ± 6.84cd 6.89 5.79–8.20 4.31 ± 0.88 0.64 48.31 ± 4.65c – – – –
1 × 108 41.43 ± 2.11d – – – – 37.54 ± 4.21cd – – – –
1 × 107 33.57 ± 2.56de – – – – 30.21 ± 3.89d – – – –
1 × 106 26.12 ± 1.67de – – – – 22.10 ± 3.21de – – – –
If-2.3 3 × 108 75.00 ± 6.84b 5.33 4.80–5.90 5.14 ± 0.82 0.81 67.86 ± 3.57b 5.83 5.18–6.55 4.97 ± 0.86 0.76
2 × 108 64.29 ± 4.12bc 6.12 5.38–6.97 4.82 ± 0.87 0.65 42.31 ± 4.65cd – – – –
1 × 108 50.15 ± 3.76cd – – – – 35.00 ± 3.86cd – – – –
1 × 107 42.54 ± 4.31d – – – – 27.43 ± 1.67de – – – –
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Table 3 – (Continued)
Fungi Isolate(s) Immersion method Bait method
Concentration %Mortality LT50 FDa Slope 2 %Mortality LT50 FDa Slope 2
1 × 106 31.59 ± 4.28de – – – – 23.21 ± 2.54de – – –  –
If-03 3 × 108 71.43 ± 5.83b 5.77 5.14–6.47 4.99 ± 0.86 1.12 60.71 ± 6.84bc 6.23 5.40–7.20 4.40 ± 0.82 1.19
2 × 108 64.29 ± 4.12bc 6.26 5.54–7.10 5.27 ± 0.98 2.28 57.14 ± 0.00bc 6.70 5.67–7.92 4.25 ± 0.84 0.67
1 × 108 57.14 ± 5.83c 6.90 5.85–8.13 4.65 ± 0.95 0.93 42.67 ± 3.22cd – – –  –
1 × 107 40.42 ± 4.67d – – – – 31.21 ± 3.65d – – –  –
1 × 106 32.19 ± 3.56de – – – – 23.32 ± 1.65de – – –  –
F-value 63.00 43.20
p-value 0.001 0.000
LSD-value 17.70 18.94
a Fiducial limit.
Means followed by the same letters in columns are not signiﬁcantly different at the 5% level.
Table 4 – LC50 values (spores/mL) of entomopathogenic fungi against larvae of M.  domestica by immersion and bait methods.
Fungi Isolate(s) Immersion method Bait method
LC50 FDa Slope 2 LC50 FDa Slope 2
B. bassiana Bb-01 7.42 × 106 3.87 × 106–1.43 × 107 0.49 ± 0.06 4.91 1.70 × 107 8.63 × 106–3.33 × 107 0.41 ± 0.06 7.37
Bb-08 3.51 × 107 1.82 × 107–6.77 × 107 0.40 ± 0.06 3.87 4.81 × 107 2.40 × 107–9.65 × 107 0.37 ± 0.06 1.39
Bb 10 6.49 × 107 3.13 × 107–1.34 × 108 0.37 ± 0.06 5.23 1.19 × 108 5.37 × 107–2.64 × 108 0.36 ± 0.06 3.96
M. anisopliae Ma2.3 2.29 × 107 2.53 × 106–2.06 × 108 0.39 ± 0.11 9.66 6.22 × 107 2.76 × 107–1.40 × 108 0.32 ± 0.06 4.78
Ma-4.1 2.80 × 107 1.37 × 107–5.73 × 107 0.36 ± 0.06 4.28 3.18 × 107 1.39 × 107–7.26 × 107 0.31 ± 0.06 3.21
Ma-11.1 1.40 × 108 6.30 × 107–3.11 × 108 0.38 ± 0.06 3.27 1.97 × 108 9.76 × 107–3.96 × 108 0.46 ± 0.07 2.35
I. fumosorosea If-02 6.21 × 108 4.78 × 108–8.73 × 108 0.34 ± 0.07 7.33 4.75 × 108 1.47 × 108–6.23 × 108 0.34 ± 0.07 2.36
If-2.3 6.43 × 107 3.20 × 107–1.29 × 108 0.38 ± 0.06 4.65 2.80 × 108 8.31 × 107–9.39 × 108 0.29 ± 0.06 3.88
If-03 1.07 × 108 4.42 × 107–2.58 × 108 0.32 ± 0.06 1.49 4.21 × 108 1.41 × 108–7.23 × 108 0.33 ± 0.06 2.04
a Fiducial limit.
Table 5 – LT50 (days) values of B. bassiana, M.  anisopliae and I. fum ait methods.
Fungi Isolate Imme Bait method
Concentration
(spores/mL)
%Mortality LT50 FDa Slope 2
B. bassiana Bb-01 3  × 108 86.00 ± 1.15a 5.50 4.62–6.53 5.87 ± 0.93 17.33
2 × 108 75.00 ± 3.00ab 
1 × 108 68.00 ± 3.65ab 
1 × 107 49.00 ± 1.45c 
1 × 106 36.00 ± 2.45cd 
Bb-08 3 × 108 72.00 ± 4.32ab 
2 × 108 61.00 ± 5.26ab 
1 × 108 48.00 ± 2.11c 
1 × 107 38.00 ± 1.45cd 
1 × 106 30.00 ± 2.11d 
Bb-10 3 × 108 68.00 ± 4.32ab 
2 × 108 54.00 ± 1.15b 
1 × 108 47.00 ± 2.34bc 
1 × 107 36.00 ± 3.56cd 
1 × 106 28.00 ± 3.67d 
M. anisopliae Ma-2.3 3  × 108 78.00 ± 2.58ab 
2 × 108 63.00 ± 4.12b 
1 × 108 53.00 ± 3.00bc 
1 × 107 40.00 ± 2.45bc 
1 × 106 34.00 ± 2.11cd 
Ma-4.1 3 × 108 72.00 ± 3.65ab 
2 × 108 61.00 ± 3.42b 
1 × 108 52.00 ± 2.31bc 
1 × 107 45.00 ± 3.11c 
1 × 106 31.00 ± 2.45cd 
Ma-11.1 3 × 108 61.00 ± 3.42b 
2 × 108 54.00 ± 3.83bc 
1 × 108 42.00 ± 3.21c 
1 × 107 31.00 ± 3.27cd 
1 × 106 23.00 ± 2.45d 
I. fumosorosea If-02 3  × 108 56.00 ± 2.31bc 
2 × 108 39.00 ± 2.45cd 
1 × 108 31.00 ± 1.45cd 
1 × 107 27.00 ± 1.54d 
1 × 106 18.00 ± 2.67de 
If-2.3 3 × 108 68.00 ± 4.32ab 
2 × 108 57.00 ± 2.52bc 
1 × 108 47.00 ± 3.45c 
1 × 107 35.00 ± 3.11cd 
1 × 106 28.00 ± 4.21d 
If-03 3 × 108 61.00 ± 3.42b osorosea against larvae of M.  domestica by immersion and b
rsion method 
LT50 FDa Slope 2 %Mortality 
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813
5.61 5.31–5.92 5.48 ± 0.48 15.96 65.00 ± 3.00ab 6.10 5.73–6.49 5.38 ± 0.51 8.94
5.91 5.13–6.81 5.59 ± 0.81 12.49 57.00 ± 1.00b 6.47 6.04–6.93 5.28 ± 0.54 11.06
– – – – 42.00 ± 3.21c – – – –
– – – – 35.21 ± 2.00 cd – – – –
5.88 5.15–6.73 6.37 ± 3.77 21.16 67.00 ± 2.52a 6.36 5.98–6.92 5.64 ± 1.64 12.34
6.28 5.17–7.55 5.46 ± 0.93 15.03 58.00 ± 3.46b 6.59 6.09–7.12 4.73 ± 0.49 2.96
– – – – 55.00 ± 1.00b 6.60 6.13–7.10 5.15 ± 0.53 8.66
– – – – 37.00 ± 3.45c – – – –
– – – – 27.00 ± 1.56 cd – – – –
6.04 5.67–6.44 5.10 ± 0.48 7.26 63.00 ± 4.43ab 6.26 5.84–6.71 4.95 ± 0.49 6.01
6.80 6.22–7.44 4.32 ± 0.46 0.85 51.00 ± 2.52bc 7.06 6.41–7.79 4.25 ± 0.47 0.68
– – – – 44.00 ± 3.54bc – – – –
– – – – 32.00 ± 1.56bc – – – –
– – – – 25.00 ± 3.21cde – – – –
5.50 5.19–5.81 5.08 ± 0.44 7.54 67.00 ± 1.91ab 6.28 4.83–8.17 5.48 ± 1.10 7.76
6.27 5.97–6.77 4.29 ± 0.42 2.95 56.00 ± 2.83b 6.65 6.15–7.19 4.89 ± 0.51 3.79
7.04 6.38–7.79 4.13 ± 0.45 1.59 46.00 ± 3.45bc – – – –
– – – – 38.00 ± 4.11c – – – –
– – – – 31.00 ± 3.54c – – – –
5.66 5.33–6.04 4.74 ± 0.43 3.50 69.00 ± 4.12ab 5.88 5.56–6.22 5.53 ± 0.51 10.35
6.42 5.90–6.99 4.15 ± 0.42 2.48 60.00 ± 3.65b 6.48 5.99–6.99 4.70 ± 0.48 1.83
7.05 6.42–7.75 4.44 ± 0.49 1.46 52.00 ± 2.31bc 7.00 6.42–7.62 4.88 ± 0.54 5.38
– – – – 42.00 ± 3.21bc – – – –
– – – – 34.00 ± 3.67c – – – –
6.48 6.03–6.96 5.07 ± 0.52 6.96 59.00 ± 4.73b 6.62 6.13–7.15 4.92 ± 0.51 5.26
6.94 6.26–7.69 3.81 ± 0.41 1.41 51.00 ± 4.43bc 7.09 6.44–7.81 4.38 ± 0.48 1.08
– – – – 39.00 ± 2.00bc – – – –
– – – – 28.00 ± 3.11d – – – –
– – – – 15.00 ± 1.56de – – – –
6.88 5.77–7.89 5.65 ± 0.42 9.47 52.00 ± 4.32bc 7.49 6.71–8.36 4.24 ± 0.50 6.08
– – – – 45.00 ± 2.54bc – – – –
– – – – 36.00 ± 1.34cd – – – –
– – – – 25.00 ± 2.32de – – – –
– – – – 20.00 ± 1.32d – – – –
6.03 4.99–7.30 5.57 ± 0.95 6.31 57.00 ± 6.19bc 6.62 5.44–8.05 5.27 ± 0.90 13.52
6.64 6.15–7.16 5.01 ± 0.52 5.91 47.00 ± 4.32bc – – – –
– – – – 40.00 ± 1.42c – – – –
– – – – 29.00 ± 3.11cd – – – –
– – – – 27.00 ± 2.67cd – – – –
6.57 5.59–7.43 5.60 ± 1.73 14.32 53.00 ± 3.00bc 6.88 6.33–7.48 4.89 ± 0.53 5.04
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showed that B. bassiana is much more  efﬁcient in controlling
houseﬂies than M.  anisopliae or I. fumosorosea. Similar obser-
vations were made by Mishra et al.35 who reported that B.
bassiana is more  efﬁcacious compared to M.  anisopliae. How-
ever, Dimbi et al.36 reported contradictory results, ﬁnding M.
anisopliae to be more  efﬁcient compared to B. bassiana. In this
study, post-mortem fungal activity was monitored by keeping
the dead insects on damp ﬁlter paper. Examinations of exter-
nal fungal sporulation showed fungi-induced mortality. The
pathogenicity of the local isolates of entomopathogenic fungi
was highly variable; however, Bb-01 was highly pathogenic
to M.  domestica. Prior studies have also shown differences
in pathogenicity among strains. These differences may be
attributable to various fungi-related causes such as strain ori-
gin, species, exposure method and dosage, as well as humidity
and temperature factors.19,21,33,37,38
For a comprehensive pest management strategy, the effec-
tiveness of entomopathogenic fungi has been evaluated
for different stages of insect pests.35 The larvicidal action
of entomopathogenic fungi has been reported for other
insects,39 but only a few reports describe the effects on M.
domestica larvae. These reports include Steinkraus et al.18
who reported 35.00–52.00% mortality in third instar house-
ﬂy larvae by B. bassiana, while Watson et al.21 reported
48.00–56.00% mortality at 1010 conidia mL−1 in houseﬂy larvae.
Conversely, Lecuona et al.1 observed no effect on house-
ﬂy larvae and pupae with any of ﬁve tested strains of B.
bassiana a result that was similar to an earlier report by
Geden et al.33 Regardless of these earlier reports, the cur-
rent study demonstrates signiﬁcant mortality (51.00–86.00%).
In addition, noteworthy mortality up to 79.00% was observed
when entomopathogenic fungi were applied as bait on lar-
val food. The use of entomopathogenic fungi as larvicide may
be a suitable control approach against houseﬂy, particularly
if the pathogen survives in bedding environments.23 Dead
larvae infected with fungus were identiﬁed by presence of
white or green muscardine on cadavers. The moisture and
temperature of bedding support the sporulation of fungi and
dead larvae in bedding could serve as inocula for further
infection of larvae.21 Moreover, B. bassiana, when applied in
the manure pits where the ﬂies were breeding and emerg-
ing, aids in controlling houseﬂies prior to mating and egg
laying.22
In the current study B. bassiana and M. anisopliae resulted in
the maximum mortality of houseﬂy populations at both adult
and larval stages. Comparing these results with reports from
other studies, absolute mortality has been obtained within
5–15 days1,35 in the laboratory, providing support for the ﬁnd-
ings of the present study.
Various physiological characteristics of insects including
age, sex and nutritional status can be inﬂuenced by their
susceptibility to fungal infection. For example, fungal infec-
tion reduces the survival and inhibits blood feeding behaviour
of mosquitoes.40 Moreover, decreased survival and fecundity
with increasing doses of entomopathogenic fungi have been
reported.41,42 The results are similar in the current research;
houseﬂy longevity and fecundity were both reduced after
exposure to a sublethal dose (1 × 106 spores/mL) of different
entomopathogenic fungi compared to controls. The differ-
ences in houseﬂy longevity and fecundity might be due to the
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Table 6 – Effect of sublethal dose (1 × 106 spores/mL) of entomopathogenic fungi on the longevity and fecundity of M.
domestica.
Fungi Isolate(s) Mean number of eggs/female Longevity (days)
Male Female
B. bassiana Bb-01  120.45 ± 1.09G 8.90 ± 0.20F 10.21 ± 0.16D
Bb-08 144.58 ± 3.47F 12.3 ± 0.36E 13.1 ± 0.42C
Bb-10 176.3 ± 2.82DE 12.6  ± 0.30E 14.19  ± 0.39C
M. anisopliae Ma-2.3 212.7 ± 4.30B 14.21 ± 0.15D 13.61 ± 0.38C
Ma-4.1 185.15 ± 1.35CD 10.12 ± 0.27F 11.22 ± 0.50D
Ma-11.1 202.85 ± 13.32BC 14.32 ± 0.41CD 16.5 ± 0.29B
I. fumosorosea If-02  177.5 ± 4.66DE 15.53 ± 0.31BC 16.1 ± 0.43B
If-2.3 161.88 ± 8.69EF 16.21 ± 0.24B 17.21 ± 0.60B
If-03 183.88 ± 3.13D 13.21 ± 0.68DE 10.23 ± 0.44D
Control 462.68 ± 10.57A 24.33 ± 0.86A 26.7 ± 0.50A
F 212.0 93.0 129.0
p <0.0001 <0.0001 <0.0001
LSD value 18.87 1.25 1.23
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rMeans followed by the same capital letters in columns are not signiﬁ
irulence potential of the fungus and/or the susceptibility of
ouseﬂies.
In conclusion, the results of the current research showed
hat B. bassiana, M.  anisopliae and I. fumosorosea are effective
iological controls against houseﬂies and can be used as bio-
ogical control agents against M. domestica particularly through
nundative releases of conidia. The B. bassiana isolate (Bb-01)
roved to be the most virulent and could be promising in
uture mycoinsecticidal development. However, its ﬁeld efﬁ-
acy, especially in poultry and dairy farms, still needs to be
valuated.
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